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ABSTRACT  

 

The scientific method is an integral part of the investigation and exploration of 

hypotheses. Although procedures may vary from one field to the next, most 

have common identifiable stages. Today, there is no lack of tools that illustrate 

data in different graphical mediums. This thesis focuses instead on the type of 

tools that researchers use to investigate their hypotheses’ validity. 

  When a sufficient amount of data is gathered, it can be presented 

for analysis in meaningful ways to illustrate patterns or abnormalities that 

would otherwise go unnoticed when only viewed in raw numbers. 

However useful static visualization of data can be when presented in a 

scientific paper, researchers are often overwhelmed by the number of plots and 

graphs that can be made using only a sliver of data. Therefore, this thesis will 

introduce software which purpose is to demonstrate the needs of researchers in 

analyzing data from repeated experiments in order to speed up the process of 

recognizing variations between them.  
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SAMMANFATTNING  

 

Den vetenskapliga metoden är en integral del av undersökningen och 

utforskandet av hypoteser. Medan procedurer varierar mellan fält liknar de 

varandra i stora drag. Idag finns det ingen brist på verktyg som visualiserar data 

i olika grafiska kontexter. Istället fokuserar denna tes på de typ av verktyg som 

forskare använder för att undersöka integriteten av hypoteser.  

 När tillräckligt med data samlats finns det olika sätt att presentera denna 

på ett meningsfullt sätt för att demonstrera mönster och avvikelser som skulle 

förbli osedda i endast siffror.  

 Hurvida användbar statisk visualisering av data är som grafik till 

vetenskapliga rapporter gäller nödvändigtvis inte samma sak vid analys på 

grund av de många kombinationer av visualisering som ofta finns. Mjukvara 

kommer att introduceras för att demonstrera behovet av dynamisk 

representation vid analys av ackumulerad data för att påskynda upptäckten av 

mönster och avvikelser.   
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CHAPTER 1 

INTRODUCTION  
 

In research facilities all over the world the possibility to gather an enormous amount of data 

points has become a reality increasing the demand for visual representation, analysis tools and 

other mediums that lead to specific observations. And while the graphical tools that aid readers in 

research papers are also ubiquitous the work that takes place between a hypothesis and a finished 

paper remains massive, tedious and often unique. This thesis is an investigation of the needs of 

one group of scientists and tries to encompass a diversity of visualizing the data to reach different 

conclusions.  

 When faced with two plots of data from two different instances of the same experiment, 

even though the data points may only be in the hundreds, the work lay often on the researcher to 

identify the relevant differences and/or similarities between the plots. Only then may they go 

back to the data and investigate what makes this appearance and why. This is the core purpose of 

constructing this software, to demonstrate what enables researchers in this stage of the scientific 

method.  

 Neuron data can be plotted in a Cartesian coordinate system of two or more dimensions, 

and somehow represented both in their position and their activity. With the help from researchers 

at Karolinska Institutet, a medical university in Stockholm, this thesis will then investigate what 

methods can be used and useful to compare different experiments with similarly structured data 

points, what needs researchers have in usability of the software, and ultimately if any saving of 

static visualization can be useful to them and in what fashion. 
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CHAPTER 2 

OBJECTIVE 

 
The goal of this thesis is to demonstrate how data accumulated by neural experiments can be 

represented in a dynamic way as to enable the researchers when analyzing with the data. In an 

attempt to reach this goal the features they request will be implemented in a dynamic manner, as 

to demonstrate what makes visualization dynamic.  

 

2.1  HYPOTHESES  

 

The goals are 

 To show what improves the efficiency of the analysts that work with investigating neural 

data. 

 To explore what methods are useful for comparing neural data.  

 To be able to simulate a large amount of data. 
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CHAPTER 3 

BACKGROUND 
 

3.1  STUDYING NEURAL ACTIV ITY  

 

Over the last few years there have been a number of studies on the neural activity of different 

animals performing a multitude of positional movements at the Department of Neuroscience at 

Karolinska Institutet in Stockholm.  

 

3.1.1  THE STUDY OF LIMB CON TROLLERS IN CATS  

 

One of the studies, “Contribution of Different Limbs Controllers 

to Modulation of Motor Cortex Neurons during Locomotion”
 [2]

, 

was trying to shed light on the monitored neural activity in cats 

while performing locomotive tasks. During the experiment the 

cats were acting out distinct locomotive tasks, walking with 

different limbs, while being monitored. The purpose of the study 

was to contribute to explaining the source of the modulation.  

In the experiment single neurons were recorded in a 

matrix of different movements, as can be seen in Figure 1, 

including forelimbs walking, hind limbs walking, both right 

limbs and both left limbs walking whilst the others were 

stationary. Figure 1 was taken from the official report of the 

experiment. 

In this way, a total of 155 neurons were recorded in 

different settings during the experiment. The time spent 

analyzing and categorizing these neurons is not submitted but 

can be left to the imagination instead. 

 

 

 

 

1  - MODULATION 

PATTERNS OF 

INDIVIDUAL NEURONS 

Figure 1 - 

modulation 

patterns of 

individual 

neurons 
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3.1.2  THE STUDY OF LIMB REF LEXES IN RABBITS  

 

Another study, “Putative spinal interneurons mediating postural limb reflexes provide a basis for 

postural control in different planes”
[1]

 investigated the spinal activity of rabbits in a rigid frame, 

tilting the platform on which its hind legs were resting, and monitoring it for neural activity in the 

spinal cord.  

435 neurons were individually validated as their positions were compensated for in the 

tilting mechanism that occurred during the experiment. The neurons were categorized into E- and 

F-neurons based on the observation of firing rate at extension and flexion of the body. Heat maps 

were then included to visualize the activity across the gray matter of the spinal cord.  

These heat maps were essentially the foundation on the idea of this project is based. The 

article is about 1/4
th

 visualization which speaks to the idea that a lot of visualization has been 

made in order to understand, map and present the data. 

The need had arisen to be able to compare the experiments in several ways to one another. 

And with the growing number of experiments in their collection the analytics was only getting 

more complicated and time consuming. It became clear that a tool for dynamic visualization was 

in demand.  

 

3.2  ALTERNATIVE SOFTWARE  

 

Today there is software available that is able to visualize data such as that which is yielded from 

aforementioned experiments. What follows is a discussion of the pros and cons of these 

alternatives in order to understand why there is a need for dynamic visualization. 

 

3.2.1  MATLAB  

 

Matlab, also known as Matrix Laboratory, is a program commonly used to visualize data points. 

It is also a programming language and allows for writing and reading to a file, render graphics 

and creating Graphical User Interfaces.  

 Is Matlab suitable for the needs of the research team at Karolinska Institutet? Although 

Matlab provides the feature to render data as a heat map, another axis, time, is needed to visualize 

the extent of one experiment aforementioned. Since the data provided in the experiments have x- 

and y-coordinates together with an electric activity, to simulate a time line, one would have to 

either add another axis for time, in which case, the visualization would be rendered in three 

dimensions, or create a two dimensional heat map for every iteration in time.  
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 Both options can be valuable. However, rendering this experiment in three dimensions 

pose problems. A three dimensional heat map is by default rendered as a body since all activity is 

displayed in some color. This makes the points rendered inside the body impossible to see from 

the outside, unless excluding some levels of electrical activity.  

 To create a two dimensional heat map for every iteration may be suitable for a smaller 

number of data points, but when they grow in numbers such as hundreds of iterations they 

become equally as many images. Analyzing hundreds of images separately is extensive but rather 

time consuming. 

 Matlab is great software for static representation due its scientific notation in the graphs it 

produces and the many functions it includes. Both options mentioned above are however less 

useful to those who aren’t well-versed in its programming language and to this specific 

visualization in regards to being dynamic. 

 

3.2.2  GNUPLOT  

 

GNUPlot is similar to Matlab in many aspects, and 

suffers from the same issues in regards to dynamic 

visualization. Figure 1 depicts a visualization of 

comodulation masking release using the two 

functions splot and filledcurves
 [3]

. Filledcurves is 

normally only available for two dimensional plots, 

but has some application in a three dimensional 

splot.  

 This is the most valuable method of 

representation that in my opinion would be suitable 

for representing the data from the neuron 

experiments during analysis. However, representing 

435 neurons this way would clutter the graph, and also some peaks in 

amplitude overshadow the curves behind it. It is possible to change the 

viewpoint in this type of software but it requires coding to be done in 

real time. 

  

Figure 2 – comodulation 

masking release 
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CHAPTER 4 

METHOD 
 

4.1  DATA  

 

The data used to test and develop the software was supplied by the research team at the 

Department of Neuroscience at Karolinska Institutet in Stockholm, namely the team that 

performed the studies “Putative spinal interneurons mediating postural limb reflexes provide a 

basis for postural control in different planes”
 [1]

 and “Contribution of Different Limb Controllers 

to Modulation of Motor Cortex Neurons during Locomotion”
 [2]

. In addition, some test data was 

generated by the author of this thesis. 

 Since the focus is on the visualization of this data, the fields that signify the position of 

the neurons such as the x and y position in space will be used in conjunction with the readings of 

activity over intervals specified by the experiment.  

 

4.1.1  EXCEL DOCUMENTS  

 

Excel documents are a common format for storing data today. They are however limited in their 

sizes but with Excel 2010 and later editions, a worksheet size of 1048576 rows by 16384 columns 

is plenty for our needs. For parsing an adequate library is the Apache POI project. 

After a discussion with the team at KI, there was an agreement on a standard for parsing Excel 

documents: 

File name Neuron name x-coordinate y-coordinate First data 

column 

… 

… … … … … … 

 

4.1.2  TEXT FILES  

 

It also seemed necessary to support plain .txt-files. In this case the format is similar, having the 

name of the experiment, followed by x- and y-coordinates, and lastly a number of data points 

ending with a dot and a newline. These values were all separated by commas. 

 Text files are useful because they can be created and read by any operating system and are 

generally smaller in size on the disk.  
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4.2  DYNAMIC UTILITIES AND OPERATI ONS  

 

In the dialog between the researchers and the author of this program, several ideas were 

exchanged which were deemed useful to add to this tool. What follows is a list of these dynamic 

features and their justification for being added. 

 

4.2.1  NAVIGATION  

 

Since the previous mentioned alternative software were unable to perform movement in their 

graphs without coding it in advance, one aspect of making the visualization dynamic was to 

implement a way to move around in the simulation while it was running.  

Thus, by using the mouse, one can navigate inside the plot by dragging on the surface of 

the rendering area. Also, the mouse wheel provides a zoom with which the observer may choose 

to view the area at any distance to examine a neuron or an area further, or to see the effect of an 

area more clearly. 

 

4.2.2  OVERLAY  

 

Data can only be useful when visualized if the observer understands what he or she is looking at 

exactly. Thus arose a discussion of what additional information to provide about the 

visualization. Since a zoom function is present, a reference to distances and sizes are in place in 

conjunction with a Cartesian grid. Colors which signify activity must also be explained in a 

convenient fashion.  

 These are not original ideas. Instead they are part of the reason scientists use software 

such as Matlab and GNUPlot, information that is necessary to understand the graph in question, 

and are a minimum requirement for using the graphs produced in an academic context. 

 

4.2.3  COLOR SCHEMES  

 

When rendering the activity of the neurons, different color schemes maybe useful for 

highlighting different aspects of the activity. There are equally many opinions as to what makes a 

color scheme useful as there are variations of representation. In an article about using gradients to 

represent MRI-scans
 [4]

 the author Noeska Smit discusses the problem with using rainbow colors 
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to represent activity, as many people have their own opinions as to which color would represent 

what level of activity and the clarity as a result.  

 The solution to this problem is letting the user select what colors should represent what 

activity, combined with an articulate gradient rectangle that gives context to the colors. This 

allows for both having a full spectrum of colors chosen by the user, in addition to only using 

colors for some level of activity. 

 

4.2.4  EXPORTING  

 

It was requested specifically by Pavel Zelenin, one of the researchers at Karolinska Institutet, that 

the visualization made by this tool was to be exported in image formats: One for taking a 

snapshot of the current state, and another for creating a gif (an image with several frames) for 

exporting a visualization of the iteration.  

 

CHAPTER 5 

RESULTS 
 

5.1  SOFTWARE DESIGN  

 

As for the scalability of the software, the valid file format implementation is intentionally left 

open ended so that new formats can be added in the future. The performance tweaks that will be 

made in the graphical aspect of the simulation will be thoroughly examined and tested in order to 

provide benchmarks for performance of the software. 

There is also another part left open to extension: The methods of interpolation between 

data. This is critical because it will determine how meaningful the software will be. Therefore, it 

is designed to be easy to implement new features in the future.  

 

5.1.1  DATA ABSTRACTION  

 

In order to achieve the data abstraction that was intended it is necessary to look at the flow of 

information.  
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 Data is imported from a source, parsed and optionally indexed depending on the 

implementation, and finally represented by a single abstract class, called NeuronData. This class 

will have the necessary methods for the rest of the program to obtain the information that will 

result in the rendition of the neuron data.  

 As the neuron data is then iterated over during the simulation, depending on the choice of 

the user the data is represented by different, easily extendable methods of rendering. These 

methods are separate classes that retrieve information about the current iteration from the 

NeuronData class and then draws the representation onto the canvas which is the area displayed 

by the program.  

 

5.1.2  PROCESSING METHODS  &  SCALABILITY  

 

Since the simulation is very rendering heavy there has to be a balance between performance and 

memory allocation. One of the common solutions to this problem is indexing which is a form of 

setup that minimizes the amount of operations between iteration and rendering. In order to allow 

for this within the parsing stage the NeuronData class supplies a method named prepare which is 

run once when constructed.  

 In the experiments on neuron data that is mentioned in the background of this thesis the 

data sizes are quite small. So small in fact, that the entire data set can be pre allocated. This is 

preferable if possible, because it minimizes the time between iteration and rendering when the 

information is stored in memory.   

 Both the excel data format and the text file data format were implemented in the latter 

way, and in the test section it will be apparent just how fast the iterations take to render. 

 

5.1.2  FLEXIBILITY  

 

The features that were brought up in the exchange with the research team were implemented in 

such a manner that they did not restrict any other operation. This is the essence of what is 

discussed as dynamic.  

 An example of this would be the ability to export the simulation as an image. The result is 

not only a function of the data provided, but instead also the point of view of the simulation, 

including window size, overlay, color scheme and any changes thereof during recording.  
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5.2  TESTS  

 

In addition to the data supplied by the research team, several other tests were added in order to 

test the limits and correctness of the program.  

 

5.2.1  HARDWARE  

 

The tests were performed on a machine with the following specifications: 

Operating system:  

Windows 7 Ultimate 64-bit (6.1, Build 7601). 

Processor:  

Intel® Core i5-3570K CPU @ 3.40Ghz (4 CPUs) 

Motherboard:  

ASUS P8Z77-V LX  

Memory:  

16384 MB RAM 

Storage:  

Main: 120 GB SSD 

Secondary: 1 TB HDD 

GPU: 

NVIDIA GeForce GTX 670 

 

5.2.2  DATA SIZE TESTS  

 

For testing the limits of the simulation, test data was generated with x neurons, where x ranged 

from 1 to 50 000. The neurons were positioned in a rectangle with its center in the origin of the 

plot confirming that the plot was correctly positioned. Their activity was a function of their 

distance from the bottom left corner together with how many iterations had passed. Every test 

was generated with 256 iterations, and every time measurement in the following tables is an 

average of the time it took to render each iteration. The time was measured with Java’s built in 

System.nanoTime and converted to milliseconds upon presentation. 
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Exact Representation: 

Number of Neurons 1 10 100 1000 10 000 50 000 

Average milliseconds 

per iteration 

(Excel Data) 

2.214421 1.126921 

 
1.220608 2.171099 16.861240 68.628453 

Average milliseconds 

per iteration (Text 

Data) 

1.801035 

 
1.536845 1.186927 1.750018 10.553496 27.536617 

 

The following average test was performed with a diameter of 5 pixels per neuron. 

Average Representation: 

Number of Neurons 1 10 100 1000 10 000 50 000 

Average 

milliseconds per 

iteration 

(Excel Data) 

2.373911 

 
1.738156 4.789727 31.393219 342.026725 6597.006354 

Average 

milliseconds per 

iteration (Text Data) 

2.286065 1.816004 

 
4.145103 26.629344 304.328921 1640.089554 

 

 

  

Figure 3 – 10 000 neurons represented as a heat map (average) with a 5 pixels 

diameter from every neuron. 
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5.3  EXPERIMENTAL RESULTS  

 

During the course of this project a number of real data files were provided by the KI team. The 

following is an example of how one of those data files looks in the simulation. 

When examining the data, there is continuous activity in three distinct regions, A1 to A3 

as can be seen in Figure 4.  

 

 

 

 

Figure 4 – Regions A1 to A3. The data is taken from a real experiment provided by Karolinska 

Institutet. 
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 These regions display about the same activity throughout the file, with one exception. In 

between iteration 200 and 205 a large shift in activity occurs, as seen in Figure 5.  

 First, all the activity subsides. What follows is a few, clearly distinguishable above 

average activity spikes in some of the neurons while most are completely inactive.  

In the last iteration of this data one of the most intense activity spikes occur in a single 

neuron as can be seen in Figure 6, where the all activity below average has been set to the 

background color of the simulation, as to highlight the intense spike.   

Figure 5 – A shift in neural activity over three iterations: 200, 201 and 202. 

Figure 6 – An intense spike highlighted by masking the below 

average activity. 
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CHAPTER 6 

DISCUSSION 
 

The purpose of the data size tests was to understand at what number of neurons the simulation 

would start to lag behind its preferred iteration speed. The accuracy of these numbers depends on 

a number of factors. The numbers yielded when running these tests differed from instance to 

instance with about 1/10
th

 of the average time recorded in the first instance. Caching done by the 

operating system is a contributor influencing the results.  

 The data size tests imply that the software is well within range of simulating the data that 

is currently being obtained in neural experiments today. However this depends on the method of 

representation which is reflected in the results. For example, rendering the data as a heat map 

(using the average representation) is more demanding because it fills an area with colors based on 

the distance to the neuron instead of just being represented by a square.  

 These numbers provide a broad benchmark for our intents and purposes. Since no 

experiment provided for this project by the team at Karolinska Institutet has yet to record 1000 

neurons in one experiment it is safe to say that these representations suffice in their performance 

in regard to the experiments brought up as examples in the background chapter of this thesis.  

The data size could increase tenfold and even with an average of 300 milliseconds per 

iteration simulating 256 iterations takes 76.8 seconds. 

Due to the late delivery of the software the aspect of efficiency, excluding the 

performance discussion, has been left out. 

 

  



18 

 

CHAPTER 7 

CONCLUSION 
 

Since the heat maps had such low drawing time per iteration for the data sizes reflected in the real 

world experiments there is great leeway to implement more consuming representations without 

worrying about potential delays in iteration. It also implies that the data sizes could grow 

additionally without the same consequences. 

 One of the ongoing themes of this thesis was to investigate what methods are useful for 

representation. Heat maps show great potential for analysis when combined with an iterating 

modulation as they clearly visualize the data in a distinguishable fashion.  

The motivation behind adding the exact representation was to have a way to clearly show 

where the neurons are and their individual activity. It serves as a reference point should the data 

prove to be confusing when rendered as a heat map. It also provides a reference point for 

performance measurement. 

Since the representation methods are extendable further research could be continued with 

this software in fields such as spike sorting.  

 When dynamic tools such as color schemes interact in an interchangeable manner with 

these representations such as in Figure 6 there is great room for variation which extends the use 

of the application. 

Due to the limited time period of this project all options were not thoroughly considered 

to the point of implementation. If the program is made available to the public as open source the 

number of methods could be extended at the needs of the users of this tool, and the question 

could be more thoroughly answered.  
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